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Genetic traces of mankind’s migrations
As immigration is once more becoming an explosive political issue, studies of 
genomes and haplotype tracers show that migration patterns of the human 
race are more complicated than anticipated. Ultimately, we all have a migration 
background of some sort. Michael Gross reports. United colours: Some may fear immigration 
as a novel phenomenon endangering estab-
lished cultural and ethnic units, but research 
has shown that humans have always migrated 
and mixed. A recent global study suggests that 
more than 94% of individuals have significantly 
mixed ancestry. The picture shows a scene 
from the Cowley Road Carnival at Oxford, UK. 
(Photo: Michael Gross.)Migration is one of the biggest political 
issues of our time. Voters in some 
affluent countries flock to the xenophobic 
parties of the right, including the Front 
National in France and UK Independence 
Party. Science, like other transnational 
endeavours, stands to lose out if anti-
migration sentiment gains political power, 
as happened in the Swiss referendum of 
2014 (Curr. Biol. (2014) 24, R257–R259). 
Post-industrial societies like Germany 
typically have much too low reproduction 
rates to keep the demographics in a 
stable equilibrium. Significant influx 
would be needed to keep the economy 
and social structures going at the present 
level, but politicians fail to create positive 
immigration policies for fear of alienating 
voters. Even countries that were 
founded by immigrants displacing earlier 
populations, such as the US, experience 
strong anti-immigrant prejudice and 
shore up their borders to stem the influx 
of the less fortunate. 
On the other side of the wealth 
spectrum, in European nations like 
Bulgaria and across much of Africa and 
Latin America, the migration streams that 
worry the wealthy Europeans and North 
Americans are often registered as brain 
drain. The young, mobile, enterprising 
and ambitious leave their home countries 
because of the lack of opportunity, and 
many don’t return. 
Anti-immigrant prejudice often portrays 
the arrival of foreigners as a new and 
unusual phenomenon endangering the 
immutable equilibrium of the long-
established native population. Historical 
records show, however, that migration 
and mixing of populations has always 
happened. Now fine-grained studies 
of human population genetics confirm 
mankind’s inclination to migrate and 
mingle, and enable analyses of the highly 
complex populations resulting from 
historic and even prehistoric movements. 
Out of Africa 
It has long been believed that modern 
humans expanded out of Africa at least 60,000 years ago. At that time, there 
was already a large and diverse human 
population in Africa, of which only a small 
subset left the continent to briefly mingle 
with Neanderthals and then move on to 
disperse around the world. This scenario 
explains why there is more genetic 
diversity among Africans than within all 
non-African populations combined and 
also why the popular concept of ‘race’ as 
a function of skin colour does not reflect 
the facts of human biology. 
Even though Africa hosts the origins 
and much of the diversity of our 
species, modern-day genomic and 
population genetics have been slow to 
develop an interest in the inhabitants 
of that continent (Curr. Biol. (2011) 21, 
R481–R484). The first full genome of an 
African person was only completed in 
2008, and in 2010 a few more could be 
added for comparative studies. This first, 
very small sample already displayed a 
surprising amount of admixture pointing 
to underappreciated levels of migration. 
A more comprehensive study, the 
African Genome Variation Project (AGVP), 
has now added new levels of detail to 
the picture and enabled researchers to 
get a clearer view of African population 
history. Launched by the Wellcome Trust 
Sanger Institute and the United States 
National Institutes of Health together 
with African researchers, the project 
has based its analysis on 320 complete 
genome sequences of individuals from 
seven ethnic groups, combined with 
further genetic characterisation of 1,481 
Africans from 18 ethnic groups based on 
2.5 million genetic markers. 
Deepti Gurdasini from the Sanger 
Institute at Hinxton near Cambridge, UK, 
and an international team of colleagues 
have published the first insights gained 
from these studies (Nature (2015) 
517, 327–332). The study finds some 
complexity arising from regional selection 
pressures due to disease burden, which 
are thus medically relevant. For instance, 
an apolipoprotein L1 variant that carries 
risks linked to kidney disease is believed Current Biology 25, R345–R361, May 4, 2015 to have benefited from selective pressure 
from endemic trypanosomes, the agents 
of African sleeping sickness, much like 
the sickle cell trait became widespread 
due to the protection it confers against 
malaria.
Apart from these regional examples 
of genomics shaped by disease burden, 
and in spite of the genetic diversity rooted 
more deeply in the evolutionary past than 
that of non-Africans, the authors find 
relative little divergence between some of 
the major ethnic groups. 
This suggests a continuous gene 
exchange through migration, which 
appears to have homogenised the 
African gene pool to a certain extent. 
This homogenising effect of migration 
between established populations 
contrasts with the diversifying effect of 
migration in the absence of admixture, 
e.g. during range expansion. The 
migration event that was most influential 
on today’s population structure in Africa 
was the Bantu expansion, which began 
around 5,000 years ago and ended up 
covering the entire southern half of the 
continent. Previously, this expansion 
was hypothesised mainly on the basis 
of linguistic evidence and gender-
specific ancestry based on studies of 
mitochondrial DNA and Y chromosomes, 
but now it can be described on the basis 
of genomic data as well. 
Speakers of Bantu languages, who were 
herders and also developed farming and 
iron working, displaced native populations 
of hunter gatherers including the San. 
The genetic studies show a certain ©2015 Elsevier Ltd All rights reserved R345
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Hard work: The transatlantic slave trade from the 16th through to the 19th century has made a large 
contribution to the diversity of present-day populations in the Americas. The picture shows slaves 
planting sweet potatoes at James Hopkinson’s Plantation Edisto Island, South Carolina around 
1862. (Photo: Henry P. Moore/New-York Historical Society via Wikimedia Commons.)degree of admixture of hunter-gatherer 
genes in today’s Bantu population — a 
hint of this had already been glimpsed 
in archbishop Desmond Tutu’s genome, 
which was published in 2010. 
Further evidence of migration and 
admixture was also observed in other 
parts of Africa. “One of the main 
conclusions of the AGVP was that mixing 
was far more extensive than this, for 
example both with hunter-gatherers in 
West Africa six to eleven thousand years 
ago, and with people from outside Africa 
at many different time periods affecting 
almost all African populations,” says Chris 
Tyler-Smith from the Sanger Institute, one 
of the senior authors of the study. 
In addition to the insights into human 
evolution and migration history, African 
genome studies are also a valuable 
resource for the quest to improve the 
medical provision on a continent plagued 
by infectious diseases. The initiative 
Human Heredity and Health in Africa 
(H3Africa) works to build local capacity for 
genomics research on African populations, 
with the hope that it will eventually translate 
into medical applications (Science (2014) 
344, 1346), which will also have to address 
an increasing load of chronic disease. 
“An interesting feature of H3Africa studies 
is that many of them actually focus on 
chronic/lifestyle diseases (cardiovascular R346 Current Biology 25, R345–R361, May 4disease, diabetes, obesity) — which 
together are now reaching epidemic 
proportions on the continent,” comments 
Jantina de Vries from the University of 
Cape Town, South Africa, who leads the 
initiative’s working group on ethics. 
Into the British Isles 
Europe has been a destination of human 
migrants ever since our Cro-Magnon 
ancestors replaced the Neanderthals. 
Major movements of interest include the 
arrival of agriculture (Curr. Biol. (2013) 23, 
R67–R70), the migration period facilitated 
by the decline of the Roman Empire, and 
the displacement caused by the conflicts 
of confessions since the 16th century. 
Refugees fleeing persecution or war 
zones were not the only ones moving 
around. Areas deserted after wars were 
often systematically settled with people 
from further afield, leaving Europe with a 
complex genetic heritage that conflicts 
with the strong sense of regional identity 
that is often found especially in rural areas. 
The British Isles have been both a 
sink and a source of migration over time, 
but offer a slightly simpler situation than 
central European countries seeing that 
the island geography makes it less likely 
that populations move through as part 
of larger-scale movements. Moreover, 
they haven’t been invaded since 1066 , 2015 ©2015 Elsevier Ltd All rights reservedand escaped the brutal blender that 
the 30 Years War applied to central 
Europe, so they promise a slightly calmer 
perspective on the population history 
since the Middle Ages. 
An international collaboration led by 
Peter Donnelly at the Wellcome Trust 
Centre for Human Genetics at Oxford, 
UK, has now analysed the ancestry of 
British ‘natives’ in much greater detail 
than was possible before. Based on 
the People of the British Isles collection 
resulting from a Wellcome Trust project 
led by Walter Bodmer, the researchers 
selected 2,039 genotype samples of 
individuals whose four grandparents were 
born no further than 80 km apart from 
each other, providing a random sample 
of the DNA of these grandparents, who 
were born around 1885. 
Applying a novel algorithm designed 
to detect subtle genetic groupings in a 
population sample that lacks major ethnic 
divisions (fineSTRUCTURE), the authors 
could detect clear differences linked to 
geography, e.g. between the residents of 
the Orkney Islands and mainland Britain, 
and between the neighbouring regions 
of Cornwall and Devon in the southwest 
of the country. On the other hand, the 
rural populations of southeast and central 
England and the east coast all fall into the 
same cluster, which covers almost half 
the individuals included in the study. As 
has been widely reported in the media, 
the study found no trace of a unified 
Celtic population linking Wales, Scotland 
and Ireland. 
To identify the influxes that may have 
caused the genetic divisions, the authors 
compared the genotypes to similar 
clusters obtained from western Europe 
and Scandinavia. In such studies, the 
present-day populations of the ‘donor’ 
countries stand in as proxies for the 
true source populations whose genetic 
information cannot be accessed. 
With this type of analysis, the 
researchers discovered three sources 
of early migrations, which happened so 
long ago that the genetic imprint had 
time to spread out across the whole 
of Great Britain and into all population 
clusters studied there. The sources of 
these prehistoric migrations are related to 
modern populations in western Germany, 
Belgium, and northwest France. 
After this early influx, there are others 
that cover only parts of the British Isles 
and can be related to historical events. 
Thus, a source population with relatives 
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Complex picture: Results of the African Genome Variation Project study analysis using the ADMIXTURE program, putting African diversity into global 
context. Each colour stands for a separate ancestry cluster. (Image: Deepti Guardasani et al. (2015). The African Genome Variation Project shapes 
medical genetics in Africa. Nature 517, 327–332.)in northern Germany made a substantial 
contribution to the large cluster in central 
and southeast England, with admixture 
date estimated to around 858. This can 
be related to the migration of the Saxons 
around two centuries earlier. The time 
difference suggests that admixture may 
have been a drawn-out process and/
or that the arrivals kept themselves to 
themselves for a few generations before 
they started to mingle. According to these 
results, the Saxons contributed around 
35% of the DNA of the present-day cluster 
in central and southeastern England. 
Similar analyses show the Viking 
influx in northern England and Scotland, 
but again the genetic legacy is smaller 
than some may have thought. Even in 
the Orkney Islands, which were under 
Norwegian rule from 875 to 1472, the 
Norsemen only account for around a 
quarter of the DNA. 
Overall, the analysis of the British 
genotypes shows both sides of 
migration — admixture with arrivals from 
outside brings diversity, while mobility 
within a large area, such as most of 
England, homogenises the population. 
Mixed ancestry
While it enjoyed relative stability of its 
core population and an absence of invasions, Britain has played a big role in 
mixing human DNA elsewhere, especially 
through the Atlantic slave trade from the 
16th century through to its abolition in 
1807. Up to ten million African slaves are 
believed to have arrived in the Americas, 
a contribution which is several times 
larger than that of European immigrants. 
Also using the fineSTRUCTURE 
algorithm along with other tools, the 
group of Cristian Capelli at the University 
of Oxford has analysed the genetic 
origins of admixed populations in the 
Americas by comparing their genotypes 
to those of genetic clusters in the 
African and European source regions 
(Nat. Commun. (2015) http://dx.doi.
org/10.1038/ncomms7596). 
African heritage is highest in the 
Caribbean and some parts of the US, 
and lowest in South American and Maya 
populations, in line with the historic 
evidence suggesting that larger numbers 
of slaves were used in the Caribbean, 
e.g. in sugar plantations. The source 
populations have so far been identified as 
predominantly Yoruba (west Africa), again 
in agreement with historic evidence, 
but smaller contributions from other 
parts of Africa are also detected, and 
further, more detailed analysis of African 
genomics may complicate the picture. Current Biology 25, R345–R361, May 4, 2015 ©The European sources can be linked 
to present-day genetic clusters in 
Spain, Italy, France, and other European 
countries. For the first time, the authors 
pick up a distinct genetic trace of 
Basque migrants, who contribute up to 
7% of the ancestry in Colombia. Overall, 
the details combine to a highly complex 
picture reflecting the chaotic nature of 
immigration, conflict, and slave trade. 
Similarly, the group of Charles Rotimi 
at the National Institutes of Health in 
Bethesda, Maryland, US, found that 
admixture between populations is the 
rule rather than the exception around 
the globe (Sci. Rep. (2014) 4, 6055). 
Analysing the ancestry of 3,528 non-
related individuals from 163 samples 
covering the global population, the 
researchers identified 19 ancestral 
populations that diverged between 
140,000 and 7,700 years ago. With 
algorithms able to detect ancestral 
components representing at least 2.5% 
of a person’s genome, the researchers 
found that 94.4% of the individuals 
studied are of mixed ancestry. There is, 
after all, just one human race. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web page 
at www.michaelgross.co.uk2015 Elsevier Ltd All rights reserved R347
